cells. Time-Dependent Density Functional Theory (TD-DFT) calculations have been used to reveal the nature of the excited-states.
Introduction
Dye-sensitized solar cells (DSSCs) represent a promising solar cell technology. The majority of champion DSSCs, those showing power conversion efficiencies (PCE) greater than 10%, are based on ruthenium(II) complexes. Iridium(III) complexes, dominant as emitters in electroluminescent devices, [1, 2] have to date fared poorly as dyes in DSSCs. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] This is mainly because most iridium(III) complexes are not panchromatic, having absorption spectra that tail off by 550 nm. This induces low short circuit currents in the DSSC and as a consequence poor PCE; typically less than 4%. Indeed, there are very few examples of iridium(III) complexes with significant absorption bands going up to the red or NIR parts of the visible spectrum. [14] [15] [16] [17] [18] [19] [20] 12] We recently reported the development of tripodal C^N^C ligands, 2-benzhydrylpyridine and its derivatives, which can coordinate to iridium, forming three six-membered chelate rings through a double C-H bond activation. [21] When combined with a bidentate diimine ligand such as 4,4'-ditertbutyl-2,2'-bipyridine (dtBubpy), a family of orange-to-red emitting neutral [Ir(C^N^C)(dtBubpy)Cl] complexes was formed with absorption bands tailing off at 600 nm.
Herein, we report an analogous complex showing panchromatic absorption, employing an electron-poor ancillary ligand diethyl [2,2'-bipyridine]-4,4'-dicarboxylate (deeb), and study its use as a DSSC dye.
Results and Discussion

Synthesis
Scheme 1: Scheme for the one-pot synthesis of complex 1.
Compound L1 [21] and deeb [22] were prepared by literature methods. Complex 1 was obtained as a black solid in 52% yield using a two-step-one-pot protocol wherein a mixture of L1 and IrCl3.6H2O in 2-ethoxyethanol/H2O (3:1) was heated at reflux for 19 h followed by the addition of deeb and a further reaction time of 6 h (Scheme 1). 
Crystal Structures
Single crystals of sufficient quality of 1 were grown from CH2Cl2/Et2O at -18°C, and the structure of 1 was determined by single-crystal X-ray diffraction (Figure 1 , Table S1 ). The electrochemical properties of 1 were evaluated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) in deaerated CH2Cl2 solution at 298 K at a scan rate of 100 mV s -1 using Fc/Fc + as the internal reference and referenced with respect to NHE (0.70 V vs. NHE). [34] The electrochemical data are summarized in Table 1 
Photophysical properties
The photophysical data for 1 recorded in CH2Cl2 at 298 K are shown in Figure 5 and the data summarized in Table 2 . The absorption profile of 1 differs significantly from that of R1. nm (f=0.071), 456 nm (f=0.027) and 443 nm (f=0.084) and these bands can be ascribed to HOMO-2 to LUMO, HOMO to LUMO+1 and HOMO-1 to LUMO+1 transitions, respectively, and therefore all involve strong CT character towards the deeb moiety. The more intense and resolved band at 319 nm experimentally (see Table 2 ) is computed at 315 nm by TD-DFT (f=0.162) and corresponds to a more LC excitation from a low-lying orbital centered on the deeb (and partly on chlorine atom) towards the LUMO centered on the deeb as well.
Upon photoexcitation at 420 nm, 1 exhibits a broad featureless profile, indicative of an emission with mixed CT character, with a maximum at em = 731 nm, an emission that is significantly redshifted (99 nm, 2194 cm -1 ) compared to R1 (em = 630 nm). 
Dye-sensitized solar cells (DSSCs)
Sandwich-type solar cells were assembled using 1-sensitised nanocrystalline TiO2 as the working electrodes, platinized conducting glass as the counter electrode and iodide/triiodide in acetonitrile as electrolyte. The photovoltaic performances of solar cells based 1 and N719, as benchmark sensitizer, are summarized in Table 3 . Figure 7 shows the current-voltage characteristics of the dyes under AM 1.5 simulated sunlight (100 mW cm -2 ) and in the dark. Jsc is the short-circuit current density at the V = 0 intercept, Voc is the open-circuit voltage at the J = 0 intercept, FF is the device fill factor, η is the power conversion efficiency. however the conditions chosen were optimal for compound 1. We therefore attribute the reason for the low efficiency for 1 compared to the benchmark Ru dye to be the weak absorption in the visible region, compared to ruthenium-based photosensitizers such as N719. The absorption spectrum of the TiO2 electrode after immersion in the dye solution is provided in Figure S13 and the spectral response of the DSSC is given in Figure S14 . The low incident photon-to current Potential / V conversion efficiency (IPCE < 2%) is consistent with the poor light-harvesting at λ > 500 nm.
While these dyes absorb broadly across the visible spectrum, the low ε (ε ~ 2 000 M -1 cm -1 ) compared to ruthenium dyes (ε > 10 000 M -1 cm -1 ) is a limitation to their solar cell performance.
Conclusions
In conclusion, a new panchromatically absorbing, NIR luminescent iridium(III) complexes bearing a tripodal tris(six-membered) chelate ligand has been obtained and comprehensively characterized, including by single crystal X-ray diffraction. The absorption spectrum tails off at 700 nm, much further than most neutral iridium complexes while the emission is significantly shifted into the NIR, with a maximum of 731 nm. DSSCs using 1 as the dye achieved only modest efficiency of 0.49%, comparable to other Ir(III) dyes. This was attributed to the modest absorption coefficient, which leads to weak light harvesting in the visible region and low short-circuit current. 
Experimental
